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flexible bearing bracket (32), for example for use 
; self aligning, the bracket being able to deflect to 
_ck restrains the bearing against rotation within the 
bracket. In «he preferred embodiment the bracket is com^'oTan'^omer and the bearing is composed of a high performance 



(57) Abstract: A bearing system (50) ^^^f^^^Z^^mn^ bracket being able to deflect to 
in fractional horsepower shaded pole type electric motors. The bearing system is sen <uigi ^ . (l _ 



; om ;=^^^ <* ** «** shaft - A rotation lock restndns * e **** against rotation within 

bracket. In the preferred embodiment the bracket is composed ™ ^- mmpr 
plastic polymer, so that the bearing system is non-lubricating. 
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TITLE 

BEARING SYSTEM WITH FLEXIBLE BEARING BRACKET 

This application claims the benefit of U.S. Provisional Application 
No. 60/165,247, filed November 12, 1999. 

FIELD OF THE TMVFMTinM 
This invention relates to bearings. In particular, this invention 
relates to a bearing system and a flexible bearing bracket therefor. 

BACKGRO UND OF THE INVENTION 
Small fractional horsepower "shaded pole" type motors are used in 
many applications, for example to provide air circulation in refrigeration systems. 
As is well known, shaded pole electric induction motors have a rotor comprising a 
rotor body bearing a shaft in rotationally fixed relation to the body. The rotor 
body is rotationally disposed within an opening in a magnetic stator assembly 
typically formed from a stack of aligned annular stator laminations. Electric field 
15 windings surrounding a portion of the stator magnetize the stator laminations to 
provide the required magnetic motive force for driving the rotor. In an air 
circulation system an impeller is mounted on the rotor shaft to drive the air flow. 

In a conventional shaded pole motor the rotor shaft extends 
through a housing comprising brackets extending over each end of the rotor 
opening and secured, usually bolted, to the stator. The housing restrains the rotor 
body against substantial axial and radial displacement relative to the stator, and 
supports bearings which maintain the axial and radial alignment of the rotor shaft. 
The bearings thus maintain stability and alignment of the rotor while allowing for 
substantially free rotation of the rotor shaft. One example of such a motor is 
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described in United States Patent No. 5,287,030 issued February 15, 1994 to 
Nutter, which is incorporated herein by reference. 

Such fractional horsepower motors are particularly suitable for 
applications in which the motor runs for extended intervals over a prolonged 
5 period, which may be many years. As such the motor must be extremely durable, 
highly resistant to failure and preferably requires little maintenance over its useful 
life. The components which tend to be most problematic in achieving these 
parameters are the bearings, which are subject to persistent frictional contact with 
the rotating shaft over the life of the motor. 

10 To maintain proper alignment of the rotor shaft, shaded pole type 

motors typically utilize spherical diameter, oil impregnated powdered metal 
bearings or ball bearings held in place by die cast aluminum or zinc bearing 
brackets. These types of bearings require constant exposure to a lubricant, which 
substantially limits the life of the motor. This problem is particularly acute in 

15 high temperature environments in which the oil used to lubricate the bearings 

dissipates over time, eventually causing catastrophic failure of the bearing system. 

It is also known to press fit plastic or non-metallic journal bearings 
tightly to the bearing brackets. However, this type of bearing system requires 
machining after the press fitting operation, which significantly increases the 
20 manufacturing cost of the motor. Moreover, although a press fit journal bearing 
will remain in place in the bearing bracket during assembly, due to the 
interference fit between the bearing and the housing, the performance of the motor 
at times may be less than optimum because the fixed position of the bearing does 
not allow for even slight deviations in rotor shaft alignment. If the motor is jarred 
25 or bumped during operation, severe vibration and squealing can result because the 
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bearing does not dampen the resulting vibrations due to disturbance of the 
shaft/bearing rotation. 

These problems are particularly acute in the case of metal bearings 
supported by metal brackets, and precision machining of these components is 
therefore critical. There are also bearing systems which use a plastic bracket to 
support a metal bearing tightly fitted to the bracket in an interference fit. The 
system described in U.S. Patent No. 5,287,030 uses a plastic bearing press fitted 
to a plastic bracket. However, in all of these systems the bracket is rigid, so that 
precise bearing alignment and adequate lubrication of the bearing remain critical 
to the proper operation of the motor, and the inability of the bearing to self align 
during operation reduces the useful life of the motor and generally causes the 
motor to operate less efficiently over time. 

It is also known to use a plastic bearing press fitted into a metal 
bracket, but as the bearing is mounted the bracket closes the bearing inside 
15 diameter by the extent of the interference fit, which then necessitates precision 
machining of the inside diameter to restore adequate clearance for the rotor shaft. 
Also, the press fit operation causes the bearing to lose alignment during 
installation. 
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SUMMA RY OF THF INVENTION 
The present invention provides a bearing system comprising a 
bearing supported in a flexible bearing bracket, for example for use in fractional 
horsepower shaded pole type electric motors. In the preferred embodiment the 
bearing is insert molded into the bracket to produce a hybrid bracke^earing 
assembly, which facilitates both the manufacture of the bearing system and 
25 assembly of the bearings to the motor. 
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In the preferred embodiment the bearing bracket is insert molded 
around a bearing, which ensures that the bearing is properly supported and will 
not misalign during assembly to the motor. The bearing system of the invention is 
self aligning due to the flexibility of the bearing bracket, which thus compensates 
5 for deviations in the radial alignment of the rotor shaft to maintain the optimum 
efficiency of the motor and reduce wear on the bearing, extending the life of the 
bearing system. In addition, the preferred embodiment employs a resilient 
elastomeric bearing bracket while efficiently damping vibrations which may be 
induced in the system. 

! 0 hi the preferred embodiment both the bracket and bearing are 

composed of a non-metallic material. The bearing may be composed of a high 
performance plastic which does not require lubrication, to prolong the life of the 
motor. Other aspects of the invention may be implemented in a bearing system 
that utilizes metal bearings. 
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In the preferred embodiment of the invention a flanged or bushing 
type bearing is provided with an opening having a bearing surface complimentary 
to the rotor shaft. A bearing bracket is molded around most of the flange and the 
hub of the bearing, creating a bearing receptacle that holds the bearing securely, 
with extremely close tolerances between the receptacle and the bearing. 
20 Preferably a rotation lock, for example flats distributed about the hub of the 
bearing, restrains the bearing against rotation within the bracket. 

Because the elastomeric bracket is flexible, the bearing settles into 
the proper alignment with the rotor shaft by deflection of the bracket itself. In 
effect, the bracket serves the functions of both supporting the bearing and 
25 compensating for bearing misalignment, so that the bearing is able to adjust to 
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accommodate deviations in the axial pitch of the rotor shaft, increasing the life of 
the bearing system. 

In one embodiment the bearing bracket is molded with ribbed 
securing posts and/or complimentary sockets into which the securing posts are 
5 secured. This aspect of the invention simplifies assembly of the bearing brackets 
to the motor. 

The present invention thus provides a bearing system for use with 
a motor (10) having a rotor shaft (16) and a rotor (16) rotating within an opening 
through a stator (20), comprising a bearing bracket (32) comprising a receptacle 
10 (40) surrounding a bearing (50) and supporting the bearing (50) in fixed relation 
to the bracket (32), wherein the bracket (32) is adapted to be mounted on the 
motor (10) such that the opening (56) in the bearing (50) is disposed in the 
vicinity of an axis of the rotor shaft (16), and wherein the bracket is sufficiently 
flexible that the rotor shaft (16) can deflect the bracket (32) so that the bearing 50 
moves into alignment with an axis of the rotating shaft (16) but the bracket (32) is 
sufficiently rigid that the rotor (12) is maintained in spaced relation from the 
stator (20) during operation of the motor (10). 

The present invention further provides motor (10) having a rotor 
shaft (16) and a rotor (16) rotating within an opening through a stator (20), having 
20 a bearing system comprising one or more bearings (50) each comprising an 
opening (56) having at least one bearing surface (58), for maintaining a radial 
alignment of the rotor shaft (16), and one or more bearing brackets (32) each 
comprising a receptacle (40) surrounding the bearing (50) and supporting the 
bearing (50) in fixed relation, wherein the brackets (32) are adapted to be 
mounted on the motor (10) such that the openings (56) in the bearings (50) are 
disposed on opposite ends of the stator (20) in the vicinity of an axis of the rotor 



15 



25 



BNSOOCID: <WO_013S515A1_L» 



WO 01/35515 



PCT/US00/30210 



shaft (16), and wherein the brackets are sufficiently flexible that the rotor shaft 
(16) can deflect the brackets (32) so that the bearings 50 move into alignment 
with an axis of the rotating shaft (16) but the brackets (32) are sufficiently rigid 
that the rotor (12) is maintained in spaced relation from the stator (20) during 
5 operation of the motor (10). 

RRIFF DESCRIPTION OF THE D RAWINGS 
In drawings which illustrate by way of example only preferred 
embodiments of the invention, 

Figure 1 is a front elevation of a motor embodying the invention, 
10 Figure 2 is a side elevation of the motor of Figure 1, 

Figure 3 is a cross-sectional elevation of a bearing system according to the 
invention, 

Figure 4 is a plan view of the bearing in the system of Figure 3, 

Figure 5 is a cross-sectional elevation of a housing utilizing the brackets o 
15 Figure 2, 

Figures 6, 6a and 6b are cross-sections of a further embodiment of a 
bearing bracket according to the invention, 

Figure 7 is a cross-section of a still further embodiment of a bearing 
bracket according to the invention, and 

20 Figure 8 is a crdss-sectional elevation of a housing utilizing the brackets c 

Figure 7. 
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DETAILED DESCR TPT IQN OF THF INVENTION 

Figures 1 and 2 illustrate an electric motor 10 embodying one 
preferred embodiment of the invention. The motor 10 shown is a fractional 
horsepower "shaded pole" type motor such as that used to provide air circulation 
in a refrigeration system. The motor 10 comprises a rotor 12 comprising a rotor 
body 14 bearing a shaft 16 in rotationally fixed relation to the body 14. The rotor 
body 14 is rotationally disposed within an opening in a magnetic stator assembly 
20 formed from a stack of aligned annular stator laminations 22. Electric field 
windings 24 wound around a portion of the stator 20 magnetize the stator 
laminations 22 to provide the required magnetic motive force for driving the rotor 
12. 

According to the invention, the rotor shaft 1 6 is supported by a 
bearing system, a preferred embodiment of which is illustrated in Figures 3 to 5. 
A housing 30 comprises opposed bearing brackets 32 which extend radially across 
the ends of the rotor opening and are affixed to the stator 20, for example by bolts 
34a. The bearing brackets 32 each support bearings 50 through which the rotor 
shaft 16 extends to stabilize and maintain proper alignment of the rotor 12 while 
allowing substantially free rotation of the rotor shaft 16 within the housing 30. It 
will be understood that the bearing system may comprise one bearing bracket 32, 
however, in the preferred embodiment, there are two such bearing brackets 32. 



A preferred embodiment of the bearing is illustrated in Figure 5. 
The bearing 50 is a flanged bearing, however the invention may be implemented 
using other types of bearings, including both plastic and metal bearings. The 
bearing 50 illustrated comprises a flange 52 extending radially from a hub 54. An 
25 opening 56 disposed axially through the bearing 50 is provided with one or more 
bearing surfaces 58 which contact the rotor shaft 16. In the embodiment shown 
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the bearing opening is "fluted", comprising a plurality of truncated bearing 
surfaces 58 evenly distributed about the opening 56 and spaced apart by lobes 59 
which are spaced from the rotor shaft 16. This minimizes the area of contact 
between the bearing 50 and the shaft 16 to reduce the degree of friction between 
5 the rotor shaft 1 6 and the bearing 50, and thus reduce the heat generated during 
operation. The lobes 59 also provide a channel or pocket for the accumulation of 
debris during operation of the motor 10. 

In the preferred embodiment the bearings 50 are molded from a 
high performance polymeric plastic. One preferred bearing material is VESPEL® 

10 (Trademark) SP-2624 grade manufactured by DuPont (Trademark), due to its 

superior wear characteristics and extremely low coefficient of thermal expansion 
properties. Other bearings could be used in the system of the invention with 
suitable lubrication. Use of the VESPEL® (Trademark) SP-2624 polymer is 
advantageous because it can be manufactured to very close tolerances (as low as 

15 .0005 inches for small diameters) with no machining required, thereby 
minimizing manufacturing costs. 

A first preferred embodiment of a bracket 32 for the bearing 
system of the invention is illustrated in detail in Figure 3. Feet 34 are each 
provided with a hole through which bolt 34a is disposed to anchor the bracket 32 
20 to the stator 20. A bridge 36 is maintained spaced from the stator 20 by risers 38, 
which may be oriented obliquely relative to the bridge 36. 

According to the invention, the bracket 32 is flexible and thus able 
to deflect sufficiently to allow the bearing 50 to self align along the axis of the 
rotor shaft 16 both during assembly of the housing 30 to the motor 10 and during 
25 use of the motor 1 0. In the preferred embodiment the bearing bracket 32 is 
integrally molded from an elastomer, the preferred material being HYTREL® 

8 
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5526 (Trademark) manufactured by DuPont (Trademark). HYTREL® 5526 has a 
flexural modulus of approximately 30 kPSI (according to ASTM specification no. 
D790) at ambient temperatures around 73 degrees Fahrenheit and 40 kPSI at 32 
degrees Fahrenheit, which is typical for the interior of a domestic refrigeration 
5 unit, to produce a geometrically simple bracket 32 having a flexibility within the 
range suitable for a fractional-horsepower motor 10. 

Other elastomers may also be suitable, however care must be taken 
to ensure that the bracket 32 exhibits appropriate flexibility characteristics. If the 
bracket 32 is too flexible the rotor 12 could contact the stator 20 when the motor 
10 is jarred or experiences unusual resistance; if the bracket 32 is too rigid the 
bearing 50 will not self align with the rotor shaft 1 6, which can result in 
accelerated and uneven wear on the bearing 50 and excessive noise when the 
motor 10 is in use. 

The flexibility of the bracket 32 is determined by a combination of 
15 its geometric modulus, which is a function of the thickness and configuration of 
the bracket 32, and its flexural modulus, which is an inherent characteristic of the 
material used to form the bracket 32. According to the invention the bracket 32 
is sufficiently flexible to allow the bearing to deflect into alignment with the rotor 
centerline, but sufficiently rigid that the rotor 12 cannot contact the stator 20 if the 
20 motor 1 0 is jarred or jostled under ordinary operating conditions. In addition, the 
damping characteristics of the bracket's 32 material allows for the rapid 
attenuation of induced vibration. 

The external factors which affect the degree of deflection of the 
bracket 32 include the magnetic force of the motor 10, the mass of the rotor 12 
and the size of the air gap between the rotor 12 and the stator 20. Thus, the 
flexibility of the bracket 32 for a particular motor 10 should be selected such that, 

9 
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under normal operating conditions, the bracket 32 will flex sufficiently to allow 
the bearing 50 to move into alignment with the axis of the rotor 12 but will not 
deflect to the point that the rotor 12 will contact the stator 20 upon the application 
of a radial percussive force which might be experienced during normal operation 
5 of the motor 1 0. Material selection and geometric design of the bracket 32 are 
interrelated and may be designed to exhibit the desired flexibility by selection of 
suitable thicknesses for the bridge 36 and risers 38, and optionally reinforcing 
structures such as ribs or ridges 31 as shown in the preferred embodiments. 

Thus, the bearing bracket 32 itself flexes to compensate for slight 
10 misalignment between the rotor shaft 1 6 and the opening 56 in the bearing 50. It 
will be appreciated that the flexibility of the bracket 32 required to achieve the 
described parameters is measured at the receptacle 40 (i.e. the position of the 
bearing 50); thus, hybrid brackets 32 formed from a combination of rigid and 
flexible materials are also possible according to the invention. 

15 In the preferred embodiment the bracket 32 is insert molded about 

the bearing 50 such that the bearing receptacle 40 is formed in the bridge 36, 
preferably centrally, during the molding process. This combines manufacture and 
assembly of the bearing system in a single step, and provides the advantage that 
the bearing 50 is largely encapsulated by the bracket 32 and therefore will not 

20 shift axially relative to the bracket 32. Use of a flanged bearing 50 augments 
captivation of the bearing 50 within the receptacle 40, and overmolding to 
produce a lip 35 about the outer surface of the flange 52 will ensure that the 
bearing 50 does not shift axially within the receptacle 40 or fall out during 
assembly of the housing 30 to the motor 10. Because of the high coefficient of 

25 friction of elastomeric materials the bearing 50 should be positioned within the 
receptacle 40 so that it projects above the top surface of the bracket 32, the hub 54 

10 
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thereby providing a bearing surface for the thrust load (which may for example 
comprise an impeller). 

Insert molding is also a preferred method of fabricating the bearing 
system because the resulting tolerances between the bearing 50 and the receptacle 
40 are extremely small, and the bearing 50 is engaged to the bracket without any 
distortion or constriction of the opening 56. However, because of the low 
frictional resistance between the bearing 50 and the receptacle, and the constant 
torque applied to the bearing 50 when in use, a rotation lock is preferably 
provided to restrain the bearing 50 against rotation within the receptacle 40. 

In the preferred embodiment the rotation lock comprises flats 54a 
disposed about the outer surface of the hub 54, best seen in Figure 4. Insert 
molding the bracket 32 about the bearing 50 produces complimentary flats 40a 
distributed about the bearing receptacle 40, which cooperate with the flats 54a to 
restrain the bearing 50 against rotation. The rotation lock may in alternate 
embodiments comprise tabs or grooves (not shown) in the hub 54 or the flange 
52, and complimentary mating structures (not shown) will be formed into the 
bearing receptacle 40 during the insert molding process. 

Insert molding of the bracket/bearing assembly may result in the 
bearings 50 being slightly off of the axis or centerline of the rotor 12, however 
because of the flexibility of the brackets 32 the bearings 50 will self align with the 
axis of the rotor 12 during assembly as long as the assembled housing 30 supports 
the bearings 50 in the vicinity of the rotor shaft 16. 

In use, the bearing 50 is mounted to the bearing bracket 32 by 
fitting the hub 54 into a mold (not shown) so that the flange 52 extends into the 
region of the bracket 32 that will form the receptacle 40. An elastomer such as 
HYTREL® (Trademark) or another suitable flexible material is injected into the 
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mold, and as the mold is filled the bearing 50 is encapsulated by the elastomer. 
When the elastomer cures the bracket/bearing assembly is removed from the 
mold. 

To assemble the motor 10, the rotor 12 is positioned within the 
5 opening in the stator 1 2, and the bearing brackets 32 are assembled to the stator 
20 by disposing the rotor shaft 16 through the bearings 50, aligning the feet 34 
with holes (not shown) through the stator laminations 22 and securing the housing 
30 to the stator 20 as by bolts 34a. The motor 10 is mounted to an appliance in 
conventional fashion, and terminals 1 1 are connected to the local power supply. 

10 m operation, as the rotor 1 2 rotates within the stator 20 the rotor 

shaft 16 rotates against the bearing surfaces 58. In the preferred embodiment no 
lubrication is required due to the extremely low frictional resistance and 
coefficient of thermal expansion of the high performance polymer used for the 
bearing 50. Because of the flexibility of the bearing bracket 32 the bearing 50 

15 will deflect to accommodate deviations in the axial pitch of the rotor 12, thereby 
maintaining proper alignment between the bearing 50 and the rotor shaft 16 after 
assembly and during operation of the motor 10. The use of plastics for both the 
bearing bracket 32 and the bearing 50 reduces opportunities wearing of the 
bearing system components, and also reduces noise and vibration levels. 

In a further embodiment of the invention, illustrated in Figures 6, 
6a and 6b, the bracket 32 is provided with ribbed posts 70 and 71 projecting from 
the feet 34, preferably formed integrally with the bracket 32 during molding, 
Both posts 70 and 71 have a semi-circular configuration in cross-section. An 
example of this is shown in Figure 6a where post 71 is illustrated as having a flat 
25 face 73 . Post 70 has saw-tooth shaped ribs 70a whereas post 7 1 has saw-tooth 
shaped ribs 71a. The direction of the saw-tooth ribs 70a is opposite the direction 

12 
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of ribs 71a to allow for interlocking with a complimentary post as shown 
Figure 6b. When two brackets 32 of Figure 6 are used as shown in Figure 6b, the 
ribs 70a interlock with ribs 71a on the along faces 73 of posts 70 and 71 
respectively. With this configuration, the posts 70 and 71 are self-orienting. 

5 A further embodiment is illustrated in Figure 7, in which each 

bracket 32 may be provided with one post 70 and one socket 74. This simplifies 
manufacturing and reduces the number of parts to be maintained in inventory, 
since in this embodiment both brackets 32 are identical. However, the orientation 
of the brackets 32 must be taken into account during assembly of the housing 30 
10 to a motor 1 0, to ensure that each post 70 aligns with a socket 74 on the opposite 
bracket 32. These embodiments allow two brackets 32 to be securely joined 
together to form the housing 30 without the need for bolts, screws or other 
securing means. 



These embodiments are assembled to the stator 20 in the same 
fashion as the embodiment of Figure 3, however instead of using bolts 34a the 
posts 70 are press-fitted into corresponding sockets 74. The opposed sawtooth 
configurations of the ribs 72, 76 provides a positive interlocking engagement 
between the posts 70 and the sockets 74, to thereby retain the brackets 32 securely 
affixed to the motor 10 as a unitary housing 30. 

Preferred embodiments of the invention having been thus 
described by way of example, it will be apparent to those skilled in the art that 
modifications and adaptations may be made without departing from the scope of 
the invention, as set out in the appended claims. 
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CLAIMS : 

1 . A bearing system for use with a motor having a rotor shaft and a 
rotor rotating within an opening through a stator, comprising a bearing bracket 
comprising a receptacle surrounding a bearing and supporting the bearing in fixed 

5 relation to the bracket, wherein the bracket is adapted to be mounted on the motor 
such that the opening in the bearing is disposed in the vicinity of an axis of the 
rotor shaft, and wherein the bracket is sufficiently flexible that the rotor shaft can 
deflect the bracket so that the bearing moves into alignment with an axis of the 
rotating shaft but the bracket is sufficiently rigid that the rotor is maintained in 

10 spaced relation from the stator during operation of the motor. 

2. The bearing system defined in claim 1 in which the bracket is resilient. 

3 . The bearing system defined in claim 2 in which at least a portion of the 
bracket is composed of an elastomeric material. 

4. The bearing system defined in claim 3 in which the bracket is 
1 5 composed of an elastomeric material. 

5. The bearing system defined in claim 1 comprising a rotation lock 
cooperating between the bearing and the receptacle to restrain the bearing against 
substantial rotation relative to the bracket. 

6. The bearing system defined in claim 5 in which the rotation lock 
20 comprises at least one flat on the bearing. 

7. The bearing system defined in claim 1 in which the bearing is 
composed of a polymeric plastic and comprises a flange projecting radially from a 
hub. 
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8. The bearing system defined in claim 1 in which the bearing bracket is 
insert molded about the bearing. 

9. The bearing system defined in claim 1 in which the bracket is provided 
with at least one ribbed post complimentary to a ribbed socket, the post being 
adapted to be secured to the socket by interlocking between ribs of the post and 
ribs formed about a wall of the socket. 

1 0. The bearing system defined in claim 1 in which the bracket is 
provided with two posts and adapted to interlock with complimentary posts and 
on a second bracket. 

1 1 - A motor having a rotor shaft and a rotor rotating within an opening 
through a stator, having a bearing system comprising 



one or more bearings each comprising an opening having at least 
bearing surface, for maintaining a radial alignment of the rotor shaft, and 



one 



one or more bearing brackets each comprising a receptacle surrounding the 
15 bearing and supporting the bearing in fixed relation, 

wherein the brackets are adapted to be mounted on the motor such that the 
openings in the bearings are disposed on opposite ends of the stator in the vicinity 
of an axis of the rotor shaft, and wherein the brackets are sufficiently flexible that 
the rotor shaft can deflect the brackets so that the bearings move into alignment 
with an axis of the rotating shaft but the brackets are sufficiently rigid that the 
rotor is maintained in spaced relation from the stator during operation of the 
motor. 

12. The motor defined in claim 1 1 in which the brackets are resilient. 
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13. The motor defined in claim 1 2 in which at least a portion of the 
brackets is composed of an elastomeric material. 

14. The motor defined in claim 1 3 in which the brackets are composed of 
an elastomeric material. 

5 1 5. The motor defined in claim 1 1 comprising a rotation lock cooperating 

between the bearing and the receptacle to restrain the bearing against substantial 
rotation relative to the bracket. 

16. The motor defined in claim 1 5 in which the rotation lock comprises 
at least one flat on the bearing and a corresponding flat on the receptacle. 

10 1 7. The motor defined in claim 1 1 in which the bearing is composed of a 

polymeric plastic and comprises a flange projecting radially from a hub. 

18. The motor defined in claim 1 1 in which each bearing bracket is insert 
molded about a bearing. 

19. The motor defined in claim 1 in which the first bracket is provided 

1 5 with at least one ribbed post and the second bracket is provided with at least one 
ribbed socket complimentary to the post, the post being adapted to be secured in 
the socket by interlocking between ribs of the post and ribs of the socket. 
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20. The motor defined in claim 1 1 in which each bracket is provided with 
two posts and adapted to interlock with complimentary posts and on a second 
bracket. 



BNSDOCID: <WO 013551 5A1_I_> 



17 



WO 01/35515 



PCT/USOO/30210 



1/5 




FIG. 2 

BNSDOCID' <WO 013551 5A1J_> 



WO 01/35515 PCT/US00/30210 



2/5 




BNSDOCID: <WO 013551 5A1_L> 



WO 01/35515 



PCT/US00/30210 



3/5 




FIG. 6 



BNSDOCID: <WO 013551 5A1_I_> 



WO 01/35515 



PCT/USOO/30210 





BNSDOCID: <WO 013551 5A1_L> 



1 



INTERNATIONAL SEARCH REPORT 



..ational Application No 

PCT/US 00/30210 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 H02K5/167 H02K5/15 H02K5/24 H02K5/08 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 H02K F16C 



Documentation searched other than minimum documentation to Ihe extent that such documents are included in the fields searched 



Electronic data base consufted during the international search (name of data base and. where practical search terms used) 

EPO-Internal , PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° Citation of document, with indication, where appropriate, of the relevant passages 



FR 2 545 664 A (ZANUSSI ELETTROMECC) 
9 November 1984 (1984-11-09) 
abstract; figures 1-3 
page 3, 1 ine 32 - line 37 
page 3, line 2 - line 20 
page 2, line 4 - line 14 

DE 955 526 C (KEMPER, HARTWIG, STEINERT) 
28 June 1956 (1956-06-28) 
page 1, column 1, line 1 - line 14; 
figures 1,3 

column 3, line 100 - line 110 

page 2, column 1, line 22 - line 23 

-/- 



Relevant to claim No. 



I, 2,8, 

II, 12,18 
7,17 



1,2,11, 
12 

5,6,8, 
15,16,18 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



° Special categories of cited documents : 

*A' document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing date 

*L" document which may throw doubts on priority cfaim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use. exhibition or 
other means 

"P* document published prior to the international filing date but 
later than the priority date claimed 



m T later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

•X' document of particular relevance: the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

■V document of particular relevance: the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

"&• document member of the same patent family 



Date of the actual completion of the international search 



20 February 2001 



Name and mailing address of the ISA 

European Patent Off ice. P.B. 5818 Patent laan 2 
NL - 2280 HV Rqswqk 
TeL (+31-70) 340-2040. Tx. 31 651 epo nl. 
Far (+31-70) 340-3016 



Form PCT/ISA/210 (; 
BNSDOCID: <WO 013651 5A1_I_> 



Date of mailing of the international search report 



28/02/2001 



Authori2ed officer 



Contreras Sampayo, J 



sheet) (July 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



I mutational Application No 

PCT/US 00/30210 



^Continuation ) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° I Citation ol documenl, with indication. where appropriate, of the relevant passages 



Relevant to claim No. 



x 

Y 



DE 37 07 600 A (VDO SCHINDLING) 
22 September 1988 (1988-09-22) 
abstract; figure 1 

column 1, line 37 - line 51 

PATENT ABSTRACTS OF JAPAN 

vol . 003, no. 148 (M-083), 

7 December 1979 (1979-12-07) 

-& JP 54 123647 A (HITACHI LTD), 

26 September 1979 (1979-09-26) 

abstract 



US 2 448 500 A (SINGER MANUFACTURING 
COMPANY) 31 August 1948 (1948-08-31) 
column 1, line 31 - line 39; figures 4,1,2 

column 4, line 44 - line 57 
column 4, line 11 - line 15 
column 3, line 56 - line 69 

EP 0 829 943 A (SMITH CORP A 0) 

18 March 1998 (1998-03-18) 
abstract; figures 3,1,4,7 
column 4, line 20 - line 25 
column 1, line 44 - line 56 
column 1, line 1 - line 2 

W0 87 07097 A (HENCK RONALD W) 

19 November 1987 (1987-11-19) 
abstract; figure 2 



I- 4, 

II- 14 
5,6,8, 
15,16,18 



1,2,11, 
12 



5,6,8, 
15,16,18 

1,2,11, 
12 

5,6,8, 
15,16,18 



5,6,15, 
16 



7,8,17, 
18 



Form PCT/lSA/210 (continuation ot second sheet) (July 1992) 
BNSDOCID: <WO 013551 5A1J_> 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



Ik . .national Application No 

PCT/US 00/30210 



Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


FR 2545664 


A 


09-11-1984 


NONE 






DE 955526 


C 




NONE 






0E 3707600 


A 


22-09-1988 


NONE 






JP 54123647 


A 


26-09-1979 


NONE 






US 2448500 
EP 0829943 


A 
A 


31-08-1948 
18-03-1998 


NONE 
US 


5825110 A 


20-10-1998 


WO 8707097 


A 


19-11-1987 


AU 
EP 
JP 

US 


7433187 A 
0267269 A 
63503271 T 
4862582 A 


01-12-1987 
18-05-1988 
24-11-1988 
05-09-1989 




Fonn PCT/lSA/210 (patent f amity annex) (July 1992) 
BNSDOCID: <WO_0135515A1_I_> 



